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Abstract 



The invention relates to nucleic acids which encode glycosyltransferase and are useful in 
producing cells and organs from one species which may be used for transplantation into a 
recipient of another species. It also relates to the production of nucleic acids which, when 
present in cells of a transplanted organ, result in reduced levels of antibody recognition of 
the transplanted organ. 
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Field of the Invention 
5 Tiie present invention relates to nucleic acids 

which encode glycosyltransf erase and are useful in 
producing cells and organs from one species which may be 
used for transplantation into a recipient of another 
species. Specifically the invention conceims production of 
10 nucleic acids which/ when present in cells of a 

transplanted organ, result in reduced levels of antibody 
recognition of the transplanted organ. 

Background of the Invention 

15 The transplantation of organs is now practicable, 

due to major advances in surgical and other techniques. 
However, availability of suitable human organs for 
transplantation is a significant problem. Demand outstrips 
supply. This has caused researchers to investigate the 

2 0 possibility of using non-human organs for transplantation. 

Xenotransplantation is the transplantation of 
organs from one species to a recipient of a different 
species. Rejection of the transplant in such cases is a 
particular problem, especially where the donor species is 

2 5 more distantly related, such as donor organs from pigs and 

sheep to human recipients . Vascular organs present a 
special difficulty because of hyperacute rejection (HAR) . 

HAR occurs when the con^lement cascade in the 
recipient is initiated by binding of antibodies to donor 

3 0 endothelial cells. 

Previous attempts to prevent HAR have focused on 
two strategies : modifying the immune system of the host by 
inhibition of systemic complement formation (1,2), and 
antibody depletion (3,4). Both strategies have been shown 
3 5 to prolong xenograft survival temporarily. However, these 
methodologies are therapeutically unattractive in that they 
are clinically impractical, and would require chronic 
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i immino sttroressive t^reatments - Therefore , r-etient e££oxt;.s to 
IzUiibit HRR have focused on genetically wodi.fying^ tlie donor 
xe n ograft ^ One such strategy has been to achlave high-level, 
expression o£ speciefi-restrictcKi human coaxpD.ement 
5 inhibitory proteins in vascularized pig org<ais via 

transgenic engineering (5-7)- ^his strategy has proven to 
be useful in that it has resulted in the prcilonged survival 
of porcine tissues following antibody and s€:rum challenge 
( 5 , 6 ) « Although increased survival of the tiransgenic 
10 tissues was observed, long-term graft sxirvi-t^al was nor 
achieved <6)- As observed in these experlmezLts and also 
with systemic coHiplement depletion^ organ fciilure appears 
to be related to an acute antibody- dependent- vasculitis 
(1,5) - 

15 Xn addition to strategies axjmed at Jblocking 

complement activation on the vascular endotlielial cell 
surface of the xenograft « recent attention iLas focused on 
identification of the predominant xenogeneic; epitope 
recognised by high-titre human natural ancil>odies« It is 

20 now accepted that the terminal galactosyl r^^sidue. Gal -a 

(l,3)^Oal/ is the dosninstnt xenogeneic epitos>e (8^15), ^This 
epitope is absent in Old iforld primates and humans because 
the a(l,3)-galactosyltrans£erase (gal*^transi:erasQ or GT) is 
non-functional in these species « I2£IA ^e<}uence coinparison of 

25 the htanan gene to a (1# 3) -galactosyl transferzise genes from 
the mouse <X6,17), ox (18), and pig (12> re^^ealed that the 
human gene contained tm:t frameshift mutations, resulting in 
a non^functlcmal pseodogene (20,21)^ Conse<xiLe&tly^ humans 
and Old World primates have pre-existing hicrh-titre 

30 antibodies directed at this Gal-a(l, 3) -Gal xioiety as the 
dominant; xenogeneic epitope. 

One strategy developed was effective to stably 
reduce the eaqpression of the predominant: GaJ.-a(l,3)-Gal 
epitope « This strategy took advantage of an intracellular 
3 5 competition between the gal -transferase and a(l/2)- 

fucosyltxansf erase (H- transferase) for a cotmvon acceptor 
substrate, The gal -transferase catalyses rlw* transfer of a 
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terminal galactose moiety to an N-acetyl lactosamine 
acceptor substrate, resulting in the formation of the 
terminal Gal-a (1, 3 ) -Gal epitope. Conversely, H- transferase 
catalyses the transfer of a fucosyl residue to the N-acetyl 
5 lactosamine acceptor substrate, and generates a fucosylated 
N-acetyl lactosamine (H-antigen, i.e., the O blood group 
antigen) , a glycosidic stiructure that is universally 
tolerated- Although it was reported that expression of 
human H- transferase transfected cells resulted in high 
10 level expression of the non-antigenic H-epitope and 

significantly reduced the expression of the Gal-a ( 1 , 3 ) -Gal 
xenoepitope, there are still significant levels of Gal- 
ad, 3) -Gal epitope present on such cells. 

15 Summary of the Invention 

In view of the foregoing, it is an object of the 
present invention to further reduce levels of undesirable 
epitopes in cells, tissues and organs which may be used in 
transplantation. 

2 0 In wor-k leading up to the invention the inventors 

surprisingly discovered that the activity of H transferase 
may be further increased by making a nucleic acid which 
encodes a H transferase catalytic domain but is anchored in 
the cell at a location where it is better able to compete 
25 for STibstrate with gal transferase. Although work by the 
inventors focused on a chimeric H transferase, other 
glycosyltransf erase enzymes laay also be produced in 
accordance with the invention. 

Accordingly, in a first aspect the invention 

3 0 provides a nucleic acid encoding a chimeric enzyme, wherein 

said chimeric enzyme comprises a catalytic domain of a 
first glycosyltransf erase and a localisation signal of a 
second glycosyltransf erase, whereby when said nucleic acid 
is expressed in a cell said chimeric enzyme is located in 
3 5 an area of the cell where it is able to compete for 

substrate with a second glycosyltransf erase , resulting in 
reduced levels of a product from said second 
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Px-efdxably th.& zmcleic acid is duo an Isol&ted 
form; tliat is tlxe nucleic acid is at least: partly purified 
from other nucleic acid^ or proteizis-* 
5 Preferably tlie itucleic acid coznprises tlie correct 

sequences for eacpressioa, more preferably for eacpression in 
a eukazyotic cell. Tbe stucleic acid may be present on axsy 
suitable eukaryotic eacpression Trector such as pcMlA. 
(Invitrogen) • Tbe nucleic acid may also be present on otber 

10 vebicles wlietber suiteible for euJcaryotes oz not, sucb as 
plasmids, pba^es and tbe like* 

Preferably tbe catalytic domain of the first 
glycosyltransf erase is derived from H trans f erase secretor 
sxalyltransf erase, a galactosyl sulpbating enzyme ox- a 

lb piiospborylating enzyme. 

The nucleic acid seqn^euce encoding tbe catalytic 
domain may be derived from, or similar to a 
glycosyltransf erase from any species. Preferably said 
species is a mammalian species sucb. as bximaxi or other 

20 primate species, including Old World monkeys, or other 

mammals such as ungulates (for example pigs, sheep, goats, 
cows, horses, deer, camels) or dogs, mice, rats and 
rabbits. The term similar to" 2kveans that the nucleic acid 
is at least partly hoQinologous to the glycocyltransf erase 

25 genes described above* ^e term also esctends to fsragments 
of and mutants, variants and derivatives of the catalytic 
domain \9hether naturally occurring or xoan i&ade. 

Preferably the localisation signal is derived 
from a glycosyltransf erase whi ch produces glycosylation 

30 patterns which are recognised as foreign by a tCTnsplant 
recipients Uore preferably the localisation signal is 
derived from ad, 3) galactosyl transferase. The effect of 
this is to downregulate the level of Gal-a(l,3)-Gal 
produced in a cell vAen the nucleic acid is e^cpressed by 
35 the cell. 

The nucleic acid seq[uence encoding the 
localisation signal may be derived from any species such as 
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those described above. Preferably it is derived from the 
same species as the cell which the nucleic acid is intended 
to transform i.e., if pig cells are to be transformed, 
preferably the localization signal is derived from pig, 
5 More preferably the nucleic acid comprises a 

nucleic acid sequence encoding the catalytic domain of H 
transferase and a nucleic acid seqcuence encoding a 
localisation signal from Gal transferase. Still more 
preferably both nucleic acid sequences are derived from 
10 pigs- Even more preferably the nucleic acid encodes gtHT 
described herein . 

The term "nucleic acid" refers to any nucleic 
acid comprising natural or synthetic purines and 
pyrimidines. The nucleic acid may be DNA or RNA, single or 
15 double stranded or covalently closed circular . 

The term "catalytic domain" of the chimeric 
enzyme refers to the amino acid seqxiences necessary for the 
enzyme to function catalytically , This comprises one or 
more contiguous or non-contiguous amino acid sequences . 
20 Other non-catalytically active portions also may be 
included in the chimeric enzyme. 

The term "glycosyltransf erase" refers to a 
polypeptide with an ability to move carbohydrates from one 
molecule to another. 

2 5 The term ^^derived from" means that the catalytic 

domain is based on, or is similar, to that of a native 
enzyme • The nucleic acid sequence encoding the catalytic 
domain is not necessarily directly derived from the native 
gene. The nucleic acid sequence may be made by polymerase 
30 chain reaction (PGR), constructed de novo or cloned. 

The term "localisation signal" refers to the 
amino acid sequence of a glycosyltransf erase which is 
responsible for anchoring it in location within the cell. 
Generally localisation signals comprise amino terminal 

3 5 "tails" of the enzyme. The localisation signals are 

derived from a second glycosyltransf erase, the activity of 
which it is desired to minimise. The localisation of a 
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catalytic clnmaiTi of a fiarst: enzysfte in the ^ama area as the 
second glyoosyl transferase means tliat the £u236txate 
reachingr that ar«ia is lifcely to be acted or. by the 
catalytic domain of the first enzyme, enabling the amount 
of substrate catalysed by the second enzyme to be reduced, 

The term "area of the cell-' refers to a region, 
campartJuent or organelle of the cell. Preferably the area 
of the cell is a secretory organelle such as the Golgi 
apparatus. 

In another aspect the invention provides an 
isolated nucleic acid molecule encoding a localisation 
signal of a glycosyltransf erase . Preferabl:y the signal 
encoded comprises an amino ter:rj.nus of saic molecule; more 
preferably it is the amino terminus of gal transferase. The 
gal transferase may be derived from or based on a gal 
transferase from any mammalian si>ecies, such as those 
described above. Particiilarly preferred sequences are those 
derived from pig, mouse or cattle. 

In another aspect the invention relates to a 
method of producing a nncleic acid encoding a chitoBric 
enzyme, said enzyme coo^rising a catalytic domain of a 
first glycosyl transferase and a localisaticn signal of a 
second glycosyltransf erase tjhereby when said nucleic acid 
is expressed in a cell said chimeric enzyme is located in 
an area of the cell ^idiere it is able to compete for 
substrate with a second glycosyltransf erase said method 
GQinprising operably linking a nucleic acid se<iuence 
encoding a catalytic ^rH»a<^ 

from a first 

glycosyltransf erase to a nucleic acid sequence encoding a 
localisation sigtxal of a second glycosyltrensf erase * 
The term "operably linking" means that the 
nucleic acid sequences are ligated such tha.t a functional 
protein is able to be trainscribed and transilated^ 

Those skilled in the art will be aware of various 
3 5 techniques for producing the nucleic acid. Standard 

techniques such as those described in Sambiook et al may be 
employed - 
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Preferably the nucleic acid secjuences are the 
preferred seq[uences described above. 

In another aspect the invention provides a method 
of reducing the level of a carbohydrate exhibited on the 
5 surface of a cell, said method comprising causing a nucleic 
acid to be expressed in said cell wherein said nucleic acid 
encodes a chimeric enzyme which comprises a catalytic 
domain of a first glycosyltransf erase and a localisation 
signal of a second glycosyltransf erase, whereby said 
10 chimeric enzyme is located in an area of the cell where it 
is able to compete for substrate with said second 
glycosyltransf erase, and wherein said second 
glycosyltransf erase is capable of producing said 
carbohydrate . 

15 The term "reducing the level of a carbohydrate" 

refers to lowering, minimising, or in some cases, ablating 
the amount of carbohydrate displayed on the surface of the 
cell. Preferably said carbohydrate is capable of 
stimulating recognition of the cell as "non-self" by the 

2 0 i mmu ne system of an animal. The reduction of such a 
carbohydrate therefore renders the cell, or an organ 
composed of said cells, more acceptable to the immune 
system of a recipient animal in a transplant situation or 
gene therapy situation. 

2 5 The term "causing a nucleic acid to be expressed" 

meajQs that the nucleic acid is introduced into the cell 
(i.e. by transf ormation/transf ection or other suitable 
means) and contains appropriate signals to allow expression 
in the cells . 

The cell may be any suitable cell, preferably 
mammalian, such as that of a New World monkey, ungulate 
(pig/ sheep, goat, cow, horse, deer, camel, etc.) or other 
species such as dogs. 

In another aspect the invention provides a method 

3 5 of producing a cell from one species (the donor) which is 

immunologically acceptable to another species (the 
recipient) by reducing levels of carbohydrate on said cell 
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wb±ch cause It izo be reco^fxixsed as Jxon*&e3^ by -tlxe otlieir 
species^ said metbod con^rlsi&g' causing a xracleic acid to 
be expressed in said cell tvberein said &uclsic acid encodes 
a cbixneric enz^^me which coupxises a catalytic domain o£ a 
5 first glycogyltxanflf erase aaid a localisatio.a signal of a 

second glycosyi transferase, whereby said cbuneric enzyme is 
located in an area of the cell \diere it is «ible to cooipete 
for substrate with said second glycosyltransferase, and 
wherein said second glycosyltransferase is <?apable of 
10 producing said caxbohydxa.te - 

The term "immunologically acceptal>le" refers to 
producing a cell^ or an organ made up of nusobers of the 
cell, which does not cause the same degree of immunological 
reaction in the recipient; species as a native cell from the 
15 donor species. Thus the cell may cause a leissened 

immunological reaction, only reguiring low levels of 
immunosuprprossive therapy to maintain such a transplanted 
organ or no immuziosuppression therapy. 

^e cell may be from any of the s|>ecies mentioned 
20 above. Preferably the cell is from a New World primate or a 
pig. More preferably the cell is from a pig. 

ISie invention extends to cells produced by the 
above met^hod and aXso to organs conrprising 1:he cells. 

Gie invention further extends to xion^hxxman 
25 traxisgenlc animals harbotiring the nucleic a<2id of the 

invention* Preferably the species is a humiin, ape or Old 
World monkey « 

The indention also eactends to the proteins 
produced by the nucleic acid. Preferably thcj proteins are 
30 in an isolated form. 

In another aspect the invention pi-ovides an 
expression unit which expresses the nucleic acid of the 
invention, resulting in a cell which is immiinologically 
acceptable to an an-imaT having reduced levels of a 
35 carbohydrate on its surface, which carbohydjrate is 

recognised as non-self by said species. Xn a preferred 
embodiment, the eacpression unit is a retrov:.ral packaging 
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cell, cassette, a retroviral construct or retroviral 
producer cell. 

Preferably the species is a human, ape or Old 
World monkey, 

5 The retroviral packaging cells or retroviral 

producer cells may be cells of any animal origin where it 
is desired to reduce the level of carbohydrates on its 
surface to make it more immunologically acceptable to a 
host. Such cells may be derived from mammals such as 

10 canine, rodent or ruminant species and the like. 

The retroviral packaging and/ or producer cells 
may be used in applications such as gene therapy. General 
methods involving use of such cells are described in 
PCT/US95/07554 and the references discussed therein. 

15 The invention also extends to a method of 

producing a retroviral packaging cell or a retroviral 
producer cell having reduced levels of a carbohydrate on 
its surface wherein the carbohydrate is recognised as non- 
self by a species, comprising transforming/ transfecting a 

2 0 retroviral packaging cell or a retroviral producer cell 
with the nucleic acid of the invention under conditions 
such that the chimeric enzyme is produced. 



Brief Description of the Drawings 

25 

Figure 1 Schematic diagram of normal and chimeric 
glycosyl transferases 

The diagram shows normal glycosyltransf erases 
porcine a (1, 3 ) galactosyltransf erase (GT) and human 

30 a(l,2)fucosyltransferase (HT) , and chimeric transferases 
ht-GT in which the cytoplasmic domain of GT has been 
completely replaced by the cytoplasmic domain of HT, and 
gt-HT in which the cytoplasmic domain of HT has been 
®^ti^ely replaced by the cytoplasmic domain of GT. The 

3 5 protein domains depicted are cytoplasmic domain CYTO, 

transmembrane domain TM, stem region STEM, catalytic domain 
CATAIiYTXC. The numbers refer to the amino acid sequence of 
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tlie correspozidlzi^ normsil ^tTan^^eca^e « 

Figure 2 Cell surface staining o£ cos cells transfected 
wxtxli n orm a l and r?>>'^>ne x'ic tr^T^ fj^ytises 
5 Cells were transfected witii norma.;, gt or HT or 

wiUi ciiiineric tirzLosfex-aises gt-HT or lic-GT aaid 48h later 
were stadned with. FXTC-lal>ellea lectin IB4 or XJEAI. 
Positive-staining calls were visualised and counted by 
fluorescence micMscopfy. Results are from <Lt least three 
10 zreplicates and values are SEM- 

Figure 3 . RNft. analysis of transfected COS c^ slls 

Northexn blots were performed on t:otal RNA 

prepared from COS cells txansf ected: Mock, laock- 
15 transfected; GT, transf ected witii wild-type <;T; GT1-6/HT, 

transfected with, chi Trier ic transferase gt-HT;; GT1-6/HT + 
co-transfected witli botli chimeric transferases 

fft-HT and ht-GT; HT1-8/GT, transfected with chimeric 

transferase ht-GT; HT, transfected with noxiaal HT; + HT, 
20 CO- transfected with both normal traxisf erase:; GT and HT. 

Blots were probed x«rith a cJDKA encoding GT (!Pop panel), HT 

(BCiddle panel} or g-actin (Bottom panel) ♦ 

Figure 4 > Enzyme kinetics of normal and ^ : i^^ric 

25 glycosyltransf erases 

Lineweaver-Burk plots for a(lr3) 
galactosyltransferase <C) and a (1, 2 ) fucosyl transferase <«) 
to determine the app2Lr6Ent Km values for N-a^^etyl 
lactosamine. Bxperimyents were perfozmed in triplicate, 

3 0 plots shown are of me?iTi values of enz3^e adiivity of wild- 
type transferases, GT and HT, and chimeric proteins ht-GT 
and gt-HT in tremsfecfced COS cell eactracts using phenyl -B-X) 
Gal and N-acetyl lactosamine as acceptor sul^strates. 

35 Figure S , Staoning of cells co-trans£ected ^^hLth chimeric 
trans f eras es 

Cells were co-transf ected with cDtiAs encoding 
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normal transferases GT + HT (panels A, B) , with cliimeric 
transferases gt-HT + ht-GT (panels C, D) , with HT + ht-GT 
(panels E, F) or with GT + gt-HT (panels G, H) and 48h 
later were stained with FITC-labelled lectin IB4 (panels A, 
5 C, E, G) or UEAI (panels B, D, F, H) . 

Figure 6 is a representation of the nucleic acid sequence 
and corresponding amino acid sequence of pig secretor. 

0 Figure 7 is a representation of the nucleic acid sequence 
and corresponding amino acid sequence of pig H. 

Figure 8 Cell surface staining of pig endothelial cell 
line (PIEC) transfected with chimeric a(l,2)- 
5 fucosyltransf erase. Cells were transfected and clones 

exhibiting stable integration were stained with UEAI lectin 
and visualised by fluorescence microscopy. 

Figure 9 Screening of chimeric a (1, 2 ) -f ucosyltransf erase 
D transferase in mice. Mice were injected with chimeric 
a{l, 2) "fucosyl transferase and the presence of the 
transferase was analysed by dot blots . 



Description of the Preferred Embodiment 

2^ The nucleic acid sequences encoding the catalytic 

domain of a glycosyltransf erase may be any nucleic acid 
sequence such as those described in PCT/US95/07554 , which 
is herein incorporated by reference, provided that it 
encodes a fiinctional catalytic domain with the desired 

3 0 glycosyltransf erase activity. 

Preferred catalytic domains from 
glycosyltransf erase include H transferase and secretor. 
Preferably these are based on human or porcine sequences. 
The nucleic acid sequences encoding the 

3 5 localisation signal of a second transglycosylase may be any 
nucleic acid sequence encoding a signal sequence such as 
signal sequences disclosed in P A Gleeson, R D Teasdale & 



10 
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J Bourk*, Targpeting of proteins to the Golgi apparatus, 
Glycocoajn^to J, (1994) ll; 381-394. Preferably the 
localisation sional is specific for the Golgi apparatus, 
more preferahly for that of the tjrans Golgi • Still wore 
5 pxef erahly the localisation sigiaal is based cm that of Gal 
transferase. Even more preferably the localisation signal 
is baaed on porcine, murine or bovine secpiences. Even more 
preferably the micleic acid exicodes a signal secjuence with 
following aaiino acid se<iuence (in single letter code) : 
MNVKGR (porcine)^ MNVKGK (mouse) or MWKCSC (bovine) - 

Vectors for expression of the chimeric enzyme toy 
be any suitable vactor^ including those disclosed in 
PCT/XJS95/07554. 

The nucleic acid of the invention can be used to 
15 produce cells and organs with the desired glycosylation 

pattern by standard techniques, such as those disclosed in 
PCT/XTS95/ 07554, For exaacple, embryos inay be transfected by 
standard techni<iues such 2ls microinjection of the nacleic 
acid in a linear form into the embryo (22 > . Wie embryos are 
then \i«ed to produce live animals, the organs of which may 
be subsequently used as donox- organs for ia^ilantatioa. 

Cells, tissues and organs suitable for use in the 
invention will generally be maromalian cells. Eacamples of 
suitable cells and tissues such as endothelial cells, 
hepatic cells, pancreatic cells and tlie like are provided 
in PCT/US9S/ 07554, 

The invention will now be described with 
reference to the following non-limiting Exaaples. 



20 
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ABBREVIATIONS 

Tlie abbreviations used are bp, base pair(s); 
FITC, fluorescein isothiocyanate ; GT, 
5 galactosyl transferase; H substance, a ( 1, 2 ) f ucosyl 

lactosamine; HT, a ( 1, 2 ) f ucosyltransf erase; PGR, polymerase 
chain reaction; 

E:x:ainple 1 Cytoplasmic domains of glycosyltransf erases play 
a central role in the temporal action of enzymes 

10 

EXPERIMENTAL PROCEDURES 

Plasmids - The plasmids used were prepared using 
standard technigues (7); pGT encodes the cDNA for the 
porcine a ( 1 , 3 ) galactosyltransf erase (23), pHT encodes the 

15 cDNA for the a ( 1, 2 ) f ucosyltransf erase (human) (25). 

Chimeric glycosyltransf erase cDNAs were generated by 
polymerase chain reaction as follows: an 1105 bp product 
ht-GT was generated using primers corresponding to the 5' 
end of ht-GT ( 5 ' -GC GGATCCA TGTGGCTCCGGAGCC 

2 0 ATCGTCAGGTGGTTCTGTCAATGC TGCTTG-3') coding for nucleotides 
1-24 of HT (25) followed immediately by nucleotides 68-89 
of GT (8) and containing a BamHl site (underlined) and a 
primer corresponding to the 3' end of ht-GT (5'- 
G CTCTAGA GCGTCAGATGTTATT TCTAACCAAATTATAC-3 ' ) containing 

2 5 complementarity to nucleotides 1102-1127 of GT with an Xbal 

site downstream of the translational stop site 
(xinderlined) ; an 1110 bp product gt-HT was generated using 
primers corresponding to the 5' end of gt-HT (5'- 
GCGGATCCATGAATGTCAAAGGAAGACTCTGCCTGGCCT TCCTGC-3 ' ) coding 

3 0 for nucleotides 49-67 of GT followed immediately by 

nucleotides 25-43 of HT and containing a BamHl site 
(underlined) and a primer corresponding to the 3' end of 
gt -HT ( 5 ' -GC TCTAGA GCCTCAAGGCTTAG CCAATGTCCAGAG- 3 ' ) 
containing complementarity to nucleotides 1075-1099 of HT 
3 5 with a Xbal site downstream of the translational stop site 
(underlined) . PCR products were restricted BamHl/Xbal, 
^®l"Pu^ified and ligated into a BamHl/Xbal digested pcDNAl 
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eaqpressxon wctor (Xzrriteo^rexi) and x^esulCed in two pXasmlds 
pht-GT (ettcoding tlie chimexic Q^lycosyltransf erase lit-GT) 
and pgt-HT (encoding- the cHimeiric glycosyltransf erase gt- 
m:) yrhxch. wexe cSiaracrterised l>y resti-ictioxi mapping, 
5 Soutiliem blottinsr and I5UA seKjuencing * 

Tz-ansfection and Serology ^ COS cells were 
maintained in Dolbecco's modified Eagles Medium (DMEM) 
(Trace Biosciences Ptry- Ltd. , Castle EEill, NSW, 
Australia) and were tr an r£ ec ted (1-10 jig DNA./5 x 105 cells) 

10 using JSEA£-I>e3ctran (26); 48h later cells were exaiained for 
cell surface expression of H substance or Gal-a(l, 3) -Gal 
using FITC-conjugated lectins: IB4 lectin isolated from 
Griff onia simplicif olia (Sigma, St* Louis, MO) detects 
Gal-a(l,3) --Gal (27); UEAX lectin isolated from Ulex 

15 europaeus (Sigma, St, Louis, MO) detects H substance (28). 
H substance was also detected r>y indirect 
imnmnofluorescence using a monoclonal antibody (m2^) 
specific for the H substance (ASH- 1952) developed at tbe 
Austin Research Institute, using FITC^conjugated goat anti- 

20 mouse IgG (Zymed I^aboratories, San Francisco, CA) to detect 
mAb b in di ng * Fluorescence was detected by microscopy* 

RHA Analyses - Cytoplasmic RNA was prepared from 
transfected COS cells using PXIA^ol (Biotecx Laboratories, 
Houston, TX) , and total lOSIA was electrophoresed in a l^fe 

25 agarose gel containing formaldehyde, the gel blotted onto a 
xiylon Ynftmbr ane and prc^>ed with ramdom primed GT or HT ci»ZA. 

Glycosyltransferase assays - Fort^-eight hours 
after transfection, cells were washed twice with phosphate 
buffered saline and lysed in 1^ Triton X-100/ 100 mM 

30 cacodylate pH 6, 5/ 25 mM MnC12, at 4«C for 30 min7 lysates 
were centrifuged and the supernatant collected stored 
at -70^C ^otein concentration was determined by the 
Bradford method using bovine serum albumin as statndard 
(29). Assays for HT activity (30) were performed in 25 ^il 

35 containing 3mM [GDP-^*C3 f ucose (specific activity 287 

mCi/mmol, Amersham Xntemational) , SmM ATP, 50mM KK^PS pH 6, 
5, 20 mM linC12, using 2-10 p.1 of cell extract 
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(approximately 15-20|ag of protein) and a range of 
concentrations (7. 5 -75 mM) of the acceptor phenyl-B-D- 
galactoside (Sigma) - Samples were incubated for 2ii at 37 °C 
and reactions terminated by the addition of ethanol and 
5 water. The amount of ^^C-fucose incorporated was cotinted 
after separation from unincorporated label using Sep-Pak 
C18 cartridges ( Waters -Millipore, Millf ord, MA) . GT assays 
(31) were performed in a volume of 25 jll using 3mM UDP[^H]- 
Gal (specific activity 189mCi/mmol, Amersham 

10 International) y 5mM ATP, lOOmM cacodylate pH 6. 5, 20mM 

MnCl2 and various concentrations (1 -10 mM) of the acceptor 
N-acetyl lactosamine (Sigma) - Samples were incubated for 
2h at 37^C and the reactions terminated by the addition of 
ethanol and water. "^H-Gal incorporation was counted after 

15 separation from non- incorporated UDP[^H]-Gal using Dowex I 
anion exchange columns (BDH Ltd« , Poole, UK) or Sep-Pak 
Accell plus QMA anion exchange cartridges (Waters- 
Millipore, Millford, MA) . All assays were performed in 
duplicate and additional reactions were performed in the 

20 absence of added acceptor molecules, to allow for the 

calculation of specific incorporation of radioactivity . 

RESULTS 

Expression of chimeric a ( 1, 3 ) galactosylransf erase and 

2 5 g ( 1 , 2 ) f ucosylransferase cDNAs 

We had previously shown that when cDNAs encoding 
0C(1# 3) galactosylransf erase (GT) and 

a(l,2)fucosyltr2Lnsferase (HT) were trajasfected separately 
they could both ftmction efficiently leading to expression 

3 0 of the appropriate carbohydrates: Gal-a(l, 3) -Gal for GT and 

H substance for HT (32). However when the cDNAs for GT and 
HT were transfected together, the HT appeared to ^^dominate" 
over the GT in that H siibstance expression was normal, but 
Gal-a(l,3) -Gal was reduced. We excluded trivial reasons for 
3 5 this effect and considered that the localisation of the 
enzymes may be the reason. Thus, if the HT localisation 
signal placed the enzyme in an earlier temporal compartment 
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t:han GT, it ^woald liave "fiarst use" of the N- acetyl 
lactosaaxxre substrate* Howerver, such, a "fixst use"* if it 
occusrred, was ziot sufficient to aidequately reduce GT. Two 
cliiiaeric srlycosyltransf erases were constructed rising PGR 
5 wbexreixx tlie cytoplasmic tails of GT ajid HT were switched* 
The two chimeras constructed are shown in Fig-l: ht-G^ 
which cozisisted of the JSB2 terminal cytoplasiiLic tail o£ HT 
attached to the traxismeoabrane ^ stem and catalytic domains 
of 6T; and gt-HT which consisted of the NH2 cezminal 
10 cytoplasmic tail of GT attached to the tranameinbrane^ stem 
and catalytic dozaains of HT, The chimeric cI3NA.s were 
subcloned into the etikaryotic esqpression vector pCDMAi: and 
used in t:ransf action eacperizzients « 

The chimeric cDElAs encoding ht*-GT and gt-HT were 
15 initially evaluated for their ability to induce 

glycosyltransf erase e:Kpression in COS cells / as measured hy 
the surface expression of the appropriate sv.gar using 
lectins* Forty-eight hours after transf ecti.on COS cells 
were tested by izcmonof luorescence for their escpression of 
20 Gal-a(lr3)-GaJL or H substance (Table 1 & Ficr* 2). The 

staining with XB4 (lectin specific for Gal-cc(l# 3} -Gal) in 
cells expressing the chimera ht-GT 130% of cells stadLned 
positive) was indistinguishable from that oi: the nozraal GT 
staining (30%) (Table 1 & Fig. 2). SimilarJ.y the intense 
25 cell surface fluorescence seen td.th UE2kl stsiining (the 

lectin specific for B substance) in cells escpressing gt*^HT 
(50%) was similar to that seen in cells expsressing wild-* 
type pBT (50%) (Table 1 & Fig. 2) . Furthenaore, similar 
levels of mRIlA expression of the glycosyltr<insf erases GT 
30 and HT and chimeric glycosyl transferases ht-GT and-gt*-HT 
were seen in Northern blots of total BNA isolated from 
transfected cells (Fig* 3) * Thus both chim^sric 
glycosyltransf erases are efficiently e3cpres;sed in COS cells 
and are ftmctional indeed there was no dete*::table 
35 difference between the chimeric and nor3Xial 
gly c osyl trans f erases . 
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Glycosyltransf erase activity in ceils transfected with 
ciiimeric cDNAs encoding ht-GT and gt-HT 

To determine whether switching the cytoplasmic 
tails of GT and HT altered the kinetics of enzyme function, 
5 we compared the enzymatic activity of the chimeric 

glycosyltransferases with those of the normal enzymes in 
COS cells after transfection of the relevant cDNAs . By 
making extracts from transfected COS cells and performing 
GT or HT enzyme assays we found that N-acetyl lactosamine 

10 was galactosylated by both GT and the chimeric enzyme ht-GT 
(Fig 4, panel A) over a the l-5mM range of substrate 
concentrations. Linewe aver- Bur k plots showed that both GT 
and ht-GT have a similar apparent Michealis-Menten constant 
of Km 2, 6mM for N-acetyl lactosamine (Fig. 4. panel B) . 

15 Further HT, and the chimeric enzyme gt-HT were both able to 
fucosylate phenyl-B-D-galactoside over a range of 
concentrations (7. 5 - 25 mM) (Fig, 4 panel C) with a 
similar Km of 2, 3mM (Fig. 4 panel D) , in agreement with 
the reported Km of 2 . 4mM for HT (25). Therefore the 

2 0 chimeric glycosyltransferases ht-GT and gt-HT are able to 

utilise N-acetyl lactosamine (ht-GT) and phenyl-B-D- 
galactoside (gt-HT) in the same way as the normal 
glycosyltransferases, thus switching the cytoplasmic 
domains of GT and HT does not alter the function of these 
25 glycosyltransferases and if indeed the cytoplasmic tail is 
the localisation signal then both enzymes function as well 
with the GT signal as with the HT signal. 

Switching cytoplasmic domains of GT and HT results in a 

3 0 reversal of the ^^dominance"^ of the glycosyltransferases 

The cDNAs encoding the chimeric transferases or 
normal transferases were simultaneously co-transf ected into 
COS cells and after 48h the cells were stained with either 
IB4 or UEAl lectin to detect Gal-a( 1, 3 ) -Gal and H substance 
35 respectively on the cell surface (Table 1 & Fig. 5). COS 
cells co-transf ected with cDNAs for ht-GT + gt-HT (Fig 5 
panel C) showed 30 ^ cells staining positive with IB4 
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(7able 1) but no atiqining on cells co-txansf .actrea 
cDNa^ for CET + (3%) (Pig. 5 pajael X). Forrtliexmore 

sti&lnln? for H substiance on tlie surface of hiu-GT + gt-iTf 
co-transfectaats gave very few cells staininiy positive (5%) 
5 (Fisr S panel D) cossspared to the staining seeja in cells co- 
trans fected with. cDN&s for the noxmal transf *arases GT + HT 
(50%) (Fig^ 5 panel B) , io. the ejcpression ox Gal-a(l,3)- 
Gal now dominates over that cf Clearly, :3witching the 

cytoplasmic tails of GT and HT led to a con^.Lete reversal 

10 in the glycosylation pattern seen with the noxiaal 

transferases i-e- the cytoplasmic tail secjuesaces dictate 
the pattern of carbohydrate expression obserred* 

That exchanging the cytoplasmic ta;.ls of GT and 
HT reverses the dominance of the carbohydrat<5 epitopes 

15 points to the glycosyltransf erases being relocalized within 
the Golgi. To address this question, experijaents were 
performed with cDMAs encoding glycosyltransf <5rases with the 
same cytoplasmic tail: COS cells transfected with cxaZAs 
encoding HO? + ht-GT stained strongly with boi:h. (50?fe) 

20 and IB4 (303^) (Tai>le 1 & Fig- 5 panels F>., the 
difference in staining re£lecting differencej* in 
transfection efficiency of the cDftlzis. Similarcly cells 
transfected with cTOSfKa encoding GT + gt-HT also stained 
positive with OEAl ISC%) and IB4 (30%) (Tabl<» 1 & Fig. S 

25 panel G, H) • Thus, glycosyltransferasTes witJa the same 

cytoplasmic tail leads to eq^ial cell surface e;xpression of 
the carbohydra.te epitopes, with no ^dominancfs'' of one 
glycosyltransf erase over the other observed, and presumably 
tOie glycosyltransferases localised at the saioe site appear 

30 to compete eqtually for the sxibstrate. 

In COS cells the levels of transcri.ption of the 
cDNAs of c hime ric and normal glycosyltransf eirases were 
essentially the same (Fig* 3} and the immunofluorescence 
pattern of cos cells escpressing the chimeric 

35 glycosyltransferases ht-GT emd gt-HT showed nhe typical 

staining patteim of the cell stirface Gal-a(l , 3) -Gal H 
substance respectively (Table 1 & Pig« 2), t3ie pattern 
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being indistinguisiiable from tliat of COS cells eacpressing 
normal GT and HT. Our studies showed that the Km of ht-GT 
for N-acetyl lactosamine was identical to the Km of GT for 
this substrate, similarly the Km of gt-HT for 
5 phenylBDgalactoside was approximately the same as the Km of 
HT for phenylbDgalactoside (Fig. 3). These findings 
indicate that the chimeric enzymes are functioning in a 
cytoplasmic tail -independent manner, such that the 
catalytic domains are entirely functional, and are in 

10 agreement with those of Henion et al (23), who showed that 
an NH2 terminal truncated marmoset GT {including truncation 
of the cytoplasmic and transmembrane domains) maintained 
catalytic activity and confirmed that GT activity is indeed 
independent of the cytoplasmic domain sequence. 

-5 If the Golgi localisation signal for GT and HT is 

contained entirely within the cytoplasmic domains of the 
enzymes, then switching the cytoplasmic tails between the 
two transferases should allow a reversal of the order of 
glycosylation. Co-transf ection of COS cells with cDNA 

2 0 encoding the chimeric glycosyltransf erases ht-GT and gt-HT 

caused a reversal of staining observed with the wild type 
glycosyltransf erases (Fig. 5), demonstrating that the 
order of glycosylation has been altered by exchanging the 
cytoplasmic tails. Furthermore, co- trans feet ion with cDNA 
25 encoding glycosyltransf erases with the same cytoplasmic 

tails (i. e. HT + ht-GT and GT + gt-HT) gave rise to equal 
expression of both Gal-a(l, 3 ) -Gal and H substance (Fig. 5). 
The results imply that the cytoplasmic tails of GT and HT 
are sufficient for the localisation and retention of these 

3 0 two enzymes within the Golgi. 

To date only twenty or so of at least one hundred 
predicted glycosyltransf erases have been cloned and few of 
these have been studied with respect to their Golgi 
localisation and retention signals (34) . Studies using the 
3 5 elongation transferase N-acetylglucosaminyltransf erase I 

(33-37), the terminal transferases a(2 , 6 ) sialyltransf erase 
(24-26) and P { 1, 4 ) galactosyltransf erase (38-40) point to 
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residues contained, within the cytoplasmic t^til, 
transmeiabarajie and fl anVing stem regions as being critical 
for Golgi localisation and retention- Thero are several 
eacamples of localisation signals existing wLtliin 
5 cytoplasmic tail domains of proteins includ:Lng t3ie KDEIj and 
KKXX motifs in proteins resident witliin the endoplasmic 
reticulum (41,42) tlxe latter motif also haviLng been 
identified in the cis Golgi resident protein ERGIC-53 (43) 
and a di-leucine containing peptide motif in the mannose-e = 

10 phosphate receptor wfcxich directs the receptor from ^'h^ 

trans -Golgi network to endosomes (44). Thesu motifs axe not; 
present within the cytoplasmic: tail sequencers of HT or GT 
or in any other reported glyco^ltransf eras<j . To date a. 
localisation signal in Golgi z-esident glycosjyl transferases 

15 has not been identified and while there is <:onsensus that 
transmembrane domains are iragportant in Golg:. localisation^ 
it is apparent that this domain is not essential for the 
localisation of all glycosyl transferases, shown by the 
study of Uuxtro (45) where replacement of th<i transmembrane 

20 d oma in of a(2« 6)siaXyltrans£erase in a hybrd.d prot:ein with 
a poly- leucine tract resulted in normal Gol^ri retention. 
Dahdal and Colley (46) also showed that se<g[iiencea in the 
transmembrane domain were not essential to Golgi 
retention, rrhia study is the first to' identi.fy sequence 

25 requirements for the localisation of 

a(l,2)fucosyltransferaLBe and a (1, 3) galactos^rl transferase 
within the Golgi « Xt is anticipated that otlier 
glycosyltransf erases will have similar locaiJ.isation 
mechanisms • 

30 

Bxample 2 Use of secret or in construct i.on of a 

r h ime r i c enaryme 
A construct is made using PCR and subcloning as 
described in Escample 1, such that amino acicls #1 to #6 of 
35 the pig a(l,3) -galactosyltransf erase (MNVKGR) replace amino 
acids #1 to 5 of the pig secretor (Fig 6) • c:onstZTicts are 
tested as described in £:3cample 1, 
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Example 3 Use of pig H transferase in constixruction of 

a chimeric enzyme 
A construct is made using PGR and subcloning as 
5 described in Example 1, such that amino acids #1 to #6 of 

the pig a ( 1, 3 ) -galactosyltransf erase (MNVKGR) replace amino 
acids #1 to 8 of the pig H transferase (Fig 7). Constructs 
are tested as described in Example 1, 

IC Example 4 . Generation of pig endothelial cells 

expressing chimeric a ( 1 , 2 ) f ucosyltransf erase 
The pig endothelial cell line PIEC expressing the 
chimeric al , 2fucosyltransf erase was produced by 
lipof ectamine transfection of pgtHT plasmid DNA (20 ug) and 

15 PSV2NEO (2 |ig) and selecting for stable integration by 

growing the transfected PIEC in media containing G418 (500 
fig /ml; Gibco-BRIi, Gaithersburg, MD) . Fourteen independant 
clones were examined for cell surface expression of H 
substance by staining with UEA-l lectin, >9S% of cells of 

20 each of these clones were found to be positive. Fig. 8 
shows a typical FACS profile obtained for these clones. 

Exaanple 5 Production of transgenic mice expressing 

chimeric q ( 1 , 2 ) fucosyltransf erase 
25 A NruI/NotI DNA fragment, encoding the full 

length chimeric al, 2fucosyltransf erase, was generated 

utilising the Polymerase Chain Reaction and the phHT 

plasmid using the primers: 

5' primer homologous to the 5'UTR: 
3 0 5'-TTCGCGAATGAATGTCAAAGGAAGACTCTG, in which the underlined 

sequence contains a unique Nrul site; 

3' primer homologous to the 3'UTR: 

5 ' -GGCGGCCGCTCAGATGTTATTTCTAACCAAAT 

the undGrliiiGd sequence contains a Not I site 
3 5 The DNA was purified on gels, electroeluted and 

subcloned into a Nirul/Notl cut genomic H-2Kb containing 

vector resulting in the plasmid clone (pH-2Kb-gtHT) 
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encoding t:lxe diimez-ic a(l#2)-fucosyltraiisfe:rase ^ene 
direct ionally cl^oned Into eacon 1 of the inurlzie H-2Kb gene^ 
resulting dLn a transcript that comniences at the H-2ICb 
tiranscriptional start site, continuing through the gtHT 
5 cDMA. insert. The construct was engineered auch that 

translation would begin at the initiation c.^don (ATG) of 
the hHT cX3(N2L and terminate at the in-phase stop codon 
(TGA) . 

DfiXA. was prepared for xaicroinjecticm by digesting 

10 pH-2Kb-hHT with XhoX and purification of ths H-2Kb-hHT USK 
from vector toy electrophoretic separation i:a agarose gels, 
followed by extraction with chloroform, and precipitation 
in ethanol to decontaminate the DiaA. XnJectiiorLs were 
peirformed into the pronuclear membrane of (C57BL/6xSJIi> Fl 

15 zygotes at concentrations between 2-5ng/ml, and the zygotes 
transferred to pseudopregnant (C57BIi/6xSJl.> Fl females. 

The presence of the transgene in -"he li'ro 
offspring was detected by dot blotting- 5mg of genomic 
was transferred to nylon filters and hybridized with the 

20 insert from gtHT^ using a final xmsh at 68*<: in O.lxSSC/1% 
SDS- Fig- 9 shows the results of testing 12 live 
offspring, with two mice having the transgenic construct 
integrated into the genome « Kxpression of transgenic 
protein is examined by estimating the amount of UKAX lectin 

25 (specific for H substance) or antx-H mAb retired to 
haemaggXutinate red blood cells from transgenic mice* 
Hemagglutination in this assay demonstrates t transgene 
eicpression* 

Xt will be apparent to the person skilled in the 
30 art that whiJLe the invention has been described in some 
detail for the purposes of clarity and imderstanding, 
various modifications and alterations to the embodiments 
and methods described herein may be made without departing 
from the scope of the inventive concept disclosed in this 
3 5 spec i f ica t ion * 

References cited herein are listed on the 
following pages/ and are incorporated herein by this 
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EXPRESSION OF G2U^-*a(X, 3 XSUIOi AND H BY COS CEI.I-S 

TRANSFECTED WITH cDNHs ENCODIHG NOHMAL AND <IHXMERIC 
5 GLYCOSYl^TRANSFERASES 



COS cells fcransfected 
witii cDNA encoding: 



%XB4 positive 
cells 



%1JEAX positive 

C<3lls 





GT 


30 


0 






0 


50 




lit-GT 


30 


0 




gt-HT 


3 


5D 




GT+HT 


3 


5D 




ht-GT+gt-HT 


33 


5 




GT+gt-HT 


30 


33 




GT^ht-GT 


30 


0 




HT-hlit-GT 


30 


30 






0 


50 




Hock 


0 


0 



Transfected COS cells were stained with FlT«:-labelled IB4 
(lectin specific for Gal-a(l^ 3) Gel or UEAI (lectin specif ic 
10 for H substance) and positive staJ.zLing cell:s were 

visualized and counted by fluorescence microscopy* Results 
ar^ from at least three replicates. 
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CIiAIMS 

A nucleic acid encoding a ciiiineric enzyme, 
wher-ein said chimeric enzyme comprises a catalytic domain 
5 of a first glycosyltransf erase and a localisation signal of 
a second glycosyltransf erase , whereby when said nucleic 
acid is expressed in a cell said chimeric enzyme is located 
in an area of the cell where it is able to compete for 
substrate with a second glycosyltransf erase, resulting in 
10 reduced 1 evels of a product from said second 
glycosyltransf erase , 

2, A nucleic acid according to claim 1, wherein said 

localisation signal localises said catalytic domain thereby 
to enable the catalytic domain to compete with said second 

IS glycosyltransf erase for a substrate. 

3- A nucleic acid according to claim 1 or claim 2, 

wherein the localisation signal is derived from a 
glycosyltransf erase which produces glycosylation patterns 
which are recognised as foreign by a transplant recipient. 

20 4- A nucleic acid according to any one of claims 1 

to 3, wherein the localisation signal comprises the amino 
terminus of the second glycosyltransf erase . 

5 . A nucleic acid according to any one of claims 1 

to 4, wherein the localisation signal is derived from 

25 a(l,3> -galactosyltransf erase . 

6» A nucleic acid according to any one of claims 1 

to 5, wherein the first glycosyltransf erase is selected 
from the group consisting of H- transferase, secretor 
sialyltransf erase, a galactosyl sulphating enzyme or a 

3 0 phosphorylating enzyme . 

7- A nucleic acid according to any one of claims 1 

to 6, wherein the catalytic domain and the localisation 
signal each originates from a mammal selected from the 
group consisting of human, primates, ungulates, dogs, mice, 

3 5 rats and rabbits- 

B. A nucleic acid according to any one of claims 1 

to 7, wherein the localisation signal is derived from the 
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same species as Idtie cell wliicli tiJxe nucleic acid is intended 
to transform. 

9* A zxucleic acid accox-ding to any one of claims 1 

to 8, can^rising a sequence encoding th.e catalytic doxaain 
5 o£ H tiransferase and a nucleic acid sequence encoding a 
localisation signal firom Gral tr-azis f^srase. 

10. A nucleic acid according to claim 9, wherein tlie 

catalytic d omain and tlie localisation signal are derived 
from pigs. 

10 li- A nucleic acid according to any one of claims X 

to 10^ whieli encodes gtHT sls defined herein* 
12- A vehicle comprising a nucleic acid according to 

^^ any one of claims 1 to 11 ^ 

O 13* vehicle according to claim 12, selected from the 

15 group consisting of an expression vector, plasmid f^^iA 
phage - 

a- 14. A vehicle according to claim 12 oz claim 13, 

^ which enables said nucleic acid to he escpresised in 

=!? prokaryotes or in eukaryotes- 

f 20 15. An isolated nucleic acid moXecule encoding a 

rj localisation signal of a glycosyltransf erase; . 

16. An isolated xmcleic acid molecule according to 

claim. 15^ wherein the signal encoded compriiies an amino 
terminus of gal -transferase. 
25 17. A method of producixxg a nucleic aciid according to 

any one of claims 1 to 11* con^rising the st:ep of opereibly 
li nking a nucleic acid sequence encoding a <:atalytic domain 
from a first glycosyltransf erase to a nuclez.c acid sequence 
encoding a localisation signal of a second 
30 glycosyltransf erase. 

18* '* A method of reducing the level of a carbohydrate 

exhibited on the surface of a cell^ said method comprising 
cat! s in g a nucleic acid to be ea^ressed in ssiid cell wherein 
said nucleic acid encodes a chimeric en2:yme which comprises 
35 a catalytic domain of a first glycosyltrans:Eerase and a 
localisation signal of a second glycosyltraiasf erase, 
whereby said chimeric enzyme is located in .an axea of the 
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cell where it is able to compete for substrate with said 
second glycosyltransf erase, and wherein said second 
glycosyltransf erase is capable of producing said 
carbohydrate . 

o 19 , A method of producing a cell from a donor species 

which is immunologically acceptable to a recipient species 
by reducing levels of carbohydrate on said cell which cause 
it to be recognised as non-self by the recipient, said 
method comprising causing a nucleic acid to be expressed in 

10 said cell wherein said nucleic acid encodes a chimeric 
enzyme which comprises a catalytic domain of a first 
glycosyltransf erase and a localisation signal of a second 
glycosyltransf erase, whereby said chimeric enzyme is 
located in an area of the cell where it is able to compete 

lb for substrate with said second glycosyltransf erase , and 
wherein said second glycosyltransf erase is capable of 
producing said carbohydrate . 

20. A cell produced by a method according to 

claim 19, 

2 0 21. An organ comprising a cell according to claim 20. 

22. A non-human transgenic animal, organ or cell 
comprising the nucleic acid according to any one of claims 
1 to 11. 

23. An expression unit which expresses a nucleic acid 
25 according to any one of claims 1 to 11, resulting in a cell 

which is immxmologically acceptable to an animal having 
reduced levels of a carbohydrate on its surface, which 
carbohydrate is recognised as non-self by said species. 

24. An expression unit according to claim 23, 

3 0 selected from the group consisting of a retroviral^ 

packaging cassette, retroviral construct or retroviral 
producer cell , 

25. A method of producing an expression unit 
according to claim 23 or claim 24, said unit having reduced 

3 5 levels of a carbohydrate on its surface wherein the 
carbohydrate is recognised as non-self by a species, 
comprising transf orming/transf ecting a retroviral packaging 
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cell or a rotrorvixal produeer cell xfldtlx tilie nucleic aci<i of 
the invention tmder conditions such that the chimeric 
enzyme is produced.^ 

5 
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§ 1.56 Duty to disclose information materia] to patentability. 

(a) A patent by Us very nature is affected with a public interest. The public interest is best served, and 
the most effective patent examination occurs when, at the ame an application is being examined, the Office 
is aware of and evaluates the teachings of all informaUon matenal to patentabdity. Each individual asso- 
ciated with the filing and prosecution of a patent application has a duty of candor and good faith in deahna 
with the Office, which includes a duty to disclose to the Office all information known to that individual to 
be matenal to patentability as defined in this section. The duty to disclose information exists with respect 
to each pending claim until the claim is cancelled or withdrawn from consideration, or the application 
becomes abandoned. Information material to the patentability of a claim that is cancelled or withdrawn 
from consideration need not be submitted if the informaUon is not material to the patentabihtv of any claim 
remaining under consideration in the application. There is no duty to submit information which is not 
material to the patentability of any existing claim. The duty to disclose all information known to be 
material to patentability is deemed to be satisfied if all mformauon known to be material to patentabihtv of 
any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed bv 
§ 1.97(b)-(d) and 1.98. However, no patent will be granted on an application in connecaon with which 
fraud on the Office was practiced or attempted or the duty of disclosure was violated through bad faith or 
intentional misconduct. The Office encourages applicants to carefully examine* 

(1) prior art cited in search repons of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent 
application believe any pending claim patentably defines, to make sure that any material information 
contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information 
already of record or bemg made of record in the application, and 

( 1 ) It establishes, by itself or in combination with other information, a prima facie case of unpatentability 
of a claim; or 
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tion to assign the application. ^ 

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing 
information to the attorney, agent, or inventor. 
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COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor I hereby declare that: my residence, post office address and citizenship are as stated 
below next to my name; that 

I verily believe I am the ongmal, first and sole mventor (if only one name is hsted below) or a jomt inventor (if 
plural inventors are named below) of the subject matter which is claimed and for which a patent is sought on the 
invention entitled: 

IMPROVED NUCLEIC ACIDS ENCODING A CHIMERIC GLYCOSYLTRANSFER ASE 
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If PCT Application 

InsertTm. application 
nunil»r& filing date 
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The Specification of which 
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b. □ was filed on 



as application senal no. 
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(in the case of PCX-filed appUcation) 

described and claimed in international no. PCT / AU9 7/0049 2 filed 1 August 1997 



. (if applicable) 



. (if any), which I have reviewed and for which I solicit a 



and as amended on 

United States patent. 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in accordance 
with Title 37, Code of Federal Regulations, § 1.56(a). (Reprinted on back side) 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19/365 of any foreign apphcation(s) for 
patent of inventor's certificate hsted below and have also identified below any foreign application for patent or inventor's 
certificate having a filing date before that of the application on the basis of which priority is claimed: 

a. _ no such applications have been filed. 

b Xl such applications have been filed as follows: 
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FOREIGN APPUCATION(S), IF ANY, CLAIMING PRIORITY UNDER 35 USC § 1 19 
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APPLICATION NUMBER 
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2/8/1996 
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21/8/1996 ' 
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I hereby claim the benefit under Title 35, United States Code, § 120/365 of any United States and PCT international 
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not disclosed 
in the prior United States application in the manner provided by the first paragraph of Title 35, United States Code, § 
1 12, I acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations, § 
1 .56(a) which occurred between the filing date of the prior application and the national or PCT international filing date 
Revised 12/09/94 of this application 



AppUcant or Patentee: THE AUSTIN RESEARCH INSTITUTE 

Serial or Patent No: 

Attorney's Docket No: 

Filed or Issued: 

For: 
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CLAIMING SMALL ENTITY STATUS 
(37 CFR L9(f) and l-27(d)) - NONPROFIT ORGANIZATION 



I hereby declare that I am an official enpowered to act on behalf of the nonprofit organization 
identified below: 

NAME OF ORGANIZATION: THE AUSTIN RESEARCH INSTITUTE 

ADDRESS OF ORGANIZATION: Kronheimer Building 

The Austin Hospital 
Studley Road 

HEIDELBERG VIC 3084 
AUSTRALIA 



TYPE OF ORGANIZATION: 

[ ] University or other institution of higher education 

[ ] Tax exempt under Internal Revenue Service Code (26 USC 501(a) and 501(c)(3)) 
[ ] Nonprofit scientific or educational under statute of state of The United States of 
America 

(Name of state ) 

(Citation of statute ) 
[ ] Would qualify as tax exempt under Internal Revenue Service Code (26 USC 501(a) 

and 501(c)(3)) if located in The United States of America 
[x] Would qualify as nonprofit scientific or educational under statute of state of The 

United States of America if located in The United States of America 

(Name of state ) 

(Citation of statute ) 

I hereby declare that the nonprofit organization identified above qualifies as a nonprofit organization 
as defined in 37 CFR 1.9(e) for purposes of paying reduced fees under section 41(a) and (b) of Title 
35, United States Code with regard to the invention entitled: 

"IMPROVED NUCLEIC ACIDS ENCODING A CHIMERIC GLYCOSYLTRANSFERASE" 

by inventor (s): Ian Farquhar Campbell MCKENZIE 

Mauro Sergio SANDRIN 
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described in: 

[ ] the specification filed herewith 

[x] appUcation serial no. PCT/AU97/00492, filed 1 August 1997 

[ ] patent no. , issued 

I hereby declare that rights under contract or law have been conveyed to and remain with the 
nonprofit organization with regard to the above identified invention. 

If the rights held by the above identified nonprofit organization are not exclusive, each individual, 
concern or organization having rights to the invention is listed below * and no rights to the invention 
are held by any person, other than the inventor, who could not qualify as a small business concern 
under 37 CFR 1.9(d) or by any concern which would not qualify as a small business concern under 
37 CFR L9(d) or a nonprofit organization under 37 CFR L9(e). * NOTE: Separate verified 
statements are required fi:om each named person, concern or organization having rights to the 
invention averring to their status as small entities (37 CFR L27). 

I acknowledge the duty to file, in this application or patent, notification of any change in status 
resulting in loss of entitlement to small entity status prior to paying, or at the time of paying, the 
earliest of the issue fee or any maintenance fee due after the date on which status as a small entity is 
no longer appropriate (37 CFR 1.28(b)). 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application, any patent issuing 
thereon, or any patent to which this verified statement is directed. 

NAME OF PERSON SIGNING: Michael Vovos 

TITLE IN ORGANIZATION: Business Manager 

ADDRESS OF PERSON SIGNING: Kronheimer Building, The Austin Hospital, Studley Road 

HEIDELBERG VIC 3084, AUSTRALIA 
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